Structural changes in different regions of the brain have become clinically relevant and regarded as the signature phenomenon for neurological diseases. Morphological changes in brain are also associated with neuronal and neurochemical alterations. Studies have showed that minute changes in neurochemical levels may have marked impact on the psychobehaviour of the subject. Several neurological disease profiles have been reported with such specific psychobehavioural expression. However, application of behavioural abnormalities as possible disease progress markers has not been considered and emphasised much. Reports suggested that-the subjects, who have already entered into the terminal stage of the disease, used to show cardinal behavioural signs for a specific disease profile. However, psychological expressions are comparatively early expressive. As most of the neurodegenerative disorders are unidirectional and progressive by nature, therapeutic intervention at the right time is essential for attaining the desired outcome. Moreover, early diagnosis can aid in managing the disease progression also. Psychobehavioural analysis could meet the expected outcome of disease diagnosis if implemented properly and timely. In the present review, we have amalgamated the reported behavioural anomalies with the supportive background from neurochemical basis. Further, we have concluded that behaviour centric studies could be a potential diagnostic tool for the early diagnosis of major neurological diseases such as Alzheimer disease, Parkinson's disease, Amyotrophic lateral sclerosis (ALS), Bipolar disorder, Schizophrenia, Impulse control disorder (ICD) and Obsessive-compulsive disorder (OCD).
Introduction
The brain is the supreme authority that controls all behaviours based on endogenous and exogenous influences. Such behavioural manifestation is the outcome of neuronal communications between neurons and other cells regulated through a chemo-electrical messenger system [1] . Neurotransmitters are chemical messengers released from neurons which regulate neuronal Review Amarendranath Choudhury the functions in the central nervous system [13] . Serotonin is also associated with breast milk production, liver regeneration and bone metabolism. Serotonin assists in blood clotting following release from platelets. It also plays a role in vasoconstriction [12] . Reports suggest that low blood serotonin levels are associated with higher libido. This fact has been leveraged in the sexual dysfunction therapeutics [11] . Dopa decarboxylase (Figure 1 ) is responsible for converting L-DOPA to Dopamine and Serotonin. On the contrary, norepinephrine (noradrenaline) has a dual role of a hormone and a neurotransmitter. This particular molecule is effective for 'fight-or-flight situation' and controls stressful events through regulating the central nervous system [9, 11] . Norepinephrine is associated with the occurrence of Attentiondeficit hyperactivity disorder (ADHD), depression, and low blood pressure. The role of norepinephrine and serotonin was found to be crucial in depression [12] . Medication related to serotonin-norepinephrine reuptake inhibitors is a well-known treatment for chronic depression [10] [11] [12] [13] [14] . Unlike norepinephrine, epinephrine mostly functions as a hormone [13] . Acetylcholine is an organic compound formed by the esterification of acetic acid and choline. Acetylcholine plays a crucial role in memory and cognitive aptitude related tasks. Acetylcholine deficiency has been reported in the disease profiles of AD, PD, and Myasthenia Gravis [14] . Another neurotransmitter glutamate, has an essential role in learning and memory related functions [15, 16] .
Aging plays a crucial role in the synthesis of neurotransmitters. It has been reported that dopamine synthesis in the striatal region of the brain is known to be affected by aging [17, 18] . Decreased expression of specific receptors (like NMDA, AMPA) also occurs during aging [19] . Apart from these receptors, neurochemical alterations in glutamate, GABA, aspartate, glutamine, taurine, glycine, and arginine levels remain the hallmark of psychological and behavioural changes during neurodegeneration [19, 20] . Table 1 delineates the familiar neurotransmitters and endogenous neuroactive components along with their respective functions.
Therapeutics for neurodegeneration has been always challenged by the unidirectional and progressive nature of the diseases [21] . Moreover, very few supportive evidences exist related to aging associated plausible neurogenesis in the human brain [22] . Hence, behavioural and psychological function by mediating adequate receptor-ligand interactions [2] . Subtle changes in the quality and quantity of neurotransmitters may exert severe alterations in behaviour [3] . Such changes may occur as a result of genetic mutation or toxicity [4] . Moreover, research is being conducted to investigate such abnormalities for effective design and formulation of new therapeutics. A plethora of experimental evidences showed that the distribution and function of neurotransmitters are positively correlated with psychological events [5, 6] . Molecular mechanisms associated with electrical gradients have been reported to alter the neurophysiology that impacts the psychometrics of the patient [7] . It is noteworthy that, functionally not all neurotransmitters are uniform in nature; neurotransmitter abundance also depends on the regional differences in the brain [8, 9] . Among neurotransmitters, dopamine, serotonin, nor-adrenalin, and acetylcholine contribute profoundly to the psycho-behavioural events in humans. However, the significant role of several other proteins and peptides such as neurotrophic factors, growth factors, and endogenous chemical compounds are also recognized in this regard. Each of these entities plays selective roles in the maintenance of proper brain function, such as, the feedback mechanisms of the synthesis of particular neurotransmitters [10] .
Among the major neurotransmitters, dopamine is known to control most of the psychological events in human [11] . Dopamine-'the molecule of happiness', is responsible for movement, memory, cognition, attention, pleasure, reward, motivation, sleep regulation, creativity, and personality determination. Chronic decrease in dopamine levels is an indicator of the neurodegenerative pathology of Parkinson's disease (PD) [12] . Besides neurodegeneration, scarcity of dopamine is also associated with depression and mood swings [13] . Serotonin or 5-hydroxytryptamine (5-HT) is another important neurotransmitter which has a diverse set of functions. Serotonin functions sometimes overlap with that of dopamine. Serotonin regulates social behaviour, mood, sleep, digestion, appetite, memory, and sexual desire. Serotonin deficiency has been linked with depression and anxiety [12] . Large quantity (80-90%) of serotonin is available in the gastrointestinal tract, where it regulates the appetite and bowel movement [11] . As brain and systemic serotonin are not inter-exchangeable due to the bloodbrain-barrier, the brain's own serotonin regulates Review Neurochemicals, Behaviours and Psychiatric Perspectives of Neurological Diseases anomalies, which occur due to neurochemical alterations, could be used as a possible tool for the diagnosis of different neurodegenerative disease profiles at an early stage. This might identify the course of pathological progression and provide a better solution. In the present review, we have attempted to accumulate available reports on behavioural anomalies with the supportive background from neurochemical understanding. Moreover, relevance of psycho-behavioural study as a diagnostic tool for neurological diseases has been discussed.
Neurochemicals in Psychological Events
Psychological events follow a complex cascade of molecular mechanism with the crucial involvement of neurotransmitters. Psychological events and their associated neurotransmitters have been described in the following sections.
Major Neurotransmitters and their Functions
Neurotransmitters function as crucial connecting molecules in the transmission of neural signals with significant precision and intensity.
Such activation of signals occurs either at the presynaptic or postsynaptic level [6] . Blocking the normal functioning of the neurotransmitters might hamper the propagation of the active potential in a designated neural path [5, 23] . Neurotransmitters are categorized in different manners based on the super-families, families or the structural features and sites of action [5] . The most commonly accepted types are plasma membrane bound neurotransmitters and vesicular membrane neurotransmitters. Further, neurotransmitters are also classified as amino acid based neurotransmitters such as glycine, glutamate [16] , γ-aminobutyric acid (GABA), D-serine, and aspartate. The other important classes of neurotransmitters are, the monoamines such as epinephrine (adrenaline), norepinephrine (noradrenaline), dopamine (DA), serotonin, histamine etc. [19, 20] . Apart from these major classes there are gasotransmitters, such as, carbon monoxide, nitric oxide etc.; trace amines including tyramine, phenethylamine, octopamine etc.; certain peptides like substance P, somatostatin, etc.; and certain purines like adenosine [24] .
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It was observed that neurotransmitters have a direct impact on the regular functioning of the central and peripheral nervous systems [25] . Moreover, several psychological and mental disorders are associated with the proper operation of neurotransmitters [26] .
Role of Dopamine in psychobehavioural manifestation
Dopamine deficiency has been linked with several psycho-behavioural anomalies and related disease pathologies. Scarcity of dopamine is the hallmark pathological sign for PD [27] . PD patients also suffer from depression, anxiety, and memory related complications, reports have shown a significant correlation between dopamine deficiency in such psycho-behavioural anomalies [28] . Interestingly, pathological gambling, compulsive shopping, and hypersexuality are also evident in PD patients at different stages of the disease. Whether such behaviours are triggered by dopamine deficiency or due to the adverse effect of PD medications, is still debatable [29] . During substance abuse dopamine level rises transiently, providing reward-like feelings and urge for such events. This situation makes the patient compulsive and habitual for addiction. Such addictions in PD patients are reported and presence of addiction along with other psychological anomalies provides a notion about the actual scenario of the disease [30] . Though, PD patients with less interest in cigarettes and alcohol have also been reported [30] . Further studies are needed to get a clear insight about such contention. The dopamine D3 receptor also has a crucial role Serotonin is associated with mood and decision making process. Balanced levels of serotonin represent calmness, maturity, and decisive behaviour [39] and are associated with several neurological and psychological behaviours including learning, memory, anxiety, cognition, depression, aggression etc. The same neurotransmitter is involved in regular physiological processes such as maintaining appetite, regular movement of bowels and GI tract, and digestion [39] [40] [41] . Serotonin was found to play an important role in bone metabolism and development of organs like brain [42] .
Role of Serotonin in psycho-behavioural manifestation
Serotonin acts via cell membrane bound 5-HT receptors and the same mechanism is also evident in nerve cells in humans [43] . The 5-HT receptors are of 7 types, namely, 5-HT1 through 5-HT7. 5-HT1 and 5-HT5 show inhibitory action potential, whereas all others follow excitatory potential [42] . Most of these receptors act by modulating the cAMP level where 5-HT1 and 5-HT5 reduce the cAMP levels, but 5-HT2, 5-HT4, 5-HT6, and 5-HT7 receptors elevate the cAMP levels [40] [41] [42] [43] . Except 5-HT3, which is ion channel dependent, all other receptors are G-protein coupled receptors. Serotonin reuptake that occurs through the SERT or serotonin transporter can be terminated by various serotonin reuptake inhibitors (SSRIs) [44] .
Serotonin is known to maintain the chemical balance in the brain and regulate the proper functioning of the central nervous system [42] . The involvement of serotonin in several other peripheral functions is also crucial [45] . Serotonin is indispensable for the normal functioning of the system. Imbalance in serotonin levels is directly associated with different neurological and psychological conditions [44, 45] . In many countries, selective SSRIs are considered as effective antidepressants [46] . There are two plausible types of functional polymorphisms which occur in the Serotonin transporter gene as per the research observations. Repetitive length variation (20-30 nucleotides) in the 5′ upstream of the SLC6A4 gene develops the serotonin associated transporter polymorphic region (5-HTTLPR) [47, 48] . The second type of polymorphism occurs as a result of a variable number of tandem repeats (VNTR) being present within the second intron. This polymorphism is represented as 5-HTTVNTR [49] . Functionally, these two polymorphisms modulate the 5-HTT protein expression by altering the transcript ratio. Several studies were able to link these polymorphisms of serotonin to neurological disease conditions [50] . Investigations have been made to understand the relation between 5-HTTLPR and mental conditions such as anxiety [51] , autism [52] , depression [53] , alcoholism [54] , and schizophrenia [55] .
Recent research progress has depicted the association of 5-HTTLPR with different types of phenotypical, genotypical and behavioural manifestation, which has highlighted several crucial aspects of serotonin function [56] . Important functional polymorphism (5-HTTLPR) in the SLC6A4 gene is linked with one or the other symptoms of major psychoses Review Amarendranath Choudhury [57] . These SNPs in this gene are present on chromosome 17 at rs25531 and rs25532 regions ( Table 2 ). The representation of the same on the 17th chromosome is provided in Figure 3 .
The involvement of suicidal tendency and serotonergic system has been studies vividly and experimental evidences of such direct association assisted in the related therapeutics [58] . Further, efforts have been poured towards establishing a link between the serotonin levels and extensive behavioural problems. Support from neuroimaging techniques has drawn attention to the interplay between serotonin concentration and mental disorders [59] . Advanced imaging techniques such as positron-emission tomography (PET) and single photon emission computed tomography (SPECT) have been utilized with relevant radio ligands to unravel the relation between Major Depressive Disorder (MDD), Schizophrenia, addiction, mood disorders, anxiety disorders, and Attention Deficit Hyperactivity Disorder (ADHD) with serotonergic systems [59] . All these efforts remain inconclusive due to lack of direct experimental evidences. Therefore, advanced methodology and innovative investigation approaches are required to reach conclusive outcome. Attempts have been made to understand the relation between the administration of selective serotonin reuptake inhibitors (SSRIs) and neurological development of the foetus during gestation [60] . SSRI exposure to the foetus during gestational period might be positively associated with depression but not with ADHD or autism spectrum disorders. Similar experiments provided hints regarding the role of serotonin in maintaining the mental balance and avoiding depression [61] , but none of these studies successfully dissected the exact relation. Recently, association of compounds such as vitamin D, 2 marine omega-3 fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), with serotonin release and control has been reported, confirming their indirect impact on mental disorders [62] .
Role of Noradrenaline in psychobehavioural manifestation
Norepinephrine or noradrenaline is an important hormone and neurotransmitter majorly secreted 
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Neurochemicals, Behaviours and Psychiatric Perspectives of Neurological Diseases from the locus coeruleus present in the pons of brain stem. The locus coeruleus-norepinephrine (LC-NE) system is believed to perform multiple complex behavioural regulations. Dual mode of phasic and tonic activity was proposed by AstonJones and Cohen in 2005 [63] .
In spinal cord and abdomen this neurotransmitter is used through the sympathetic ganglia. The alertness of an individual is profoundly influenced by this neurotransmitter. Norepinephrine secretion remains lowest during sleep whereas it reaches its peak during any alarming situation [64] . Increment of arousal and vigilance remains major activity of this hormone. Physiologically, increment of blood pressure, heart rate, and blood flow to the muscles are regulated by Norepinephrine. Norepinephrine influences the gastrointestinal motility when required [64, 65] .
Medically, norepinephrine levels are controlled for treating several disease conditions. Direct Review Amarendranath Choudhury injection of norepinephrine is used for the treatment of low blood pressure. Several classes of neurotransmitter blockers are regularly used for the treatment of different type of disease conditions. In certain cardiovascular problems and glaucoma, beta blockers are used to block norepinephrine action [66] . Alpha blockers are used for psychiatric treatments. The mechanism of action of these two types of blockers, i.e., beta and alpha is markedly different [67] . The beta blockers function through β1, β2, and β3 receptors where elevation of cAMP is observed through the Adenylate Cyclase via Gs coupled protein system. On the contrary, the alpha blockers act through Gq and Gi/Go-coupled protein system with the help of α1 and α2 receptors. The mechanism differs from α1 to α2 receptor mediation where α1 activates the phospholipase C, thus, elevating the IP3 and calcium level. α2 plays an important role in preventing the function of Adenylate Cyclase, which in turn decreases the cAMP levels [68] .
In several psychiatric and nervous system associated conditions, norepinephrine or noradrenaline supplementation is used extensively as a regular therapeutic. In such cases, the required concentration of vital neurotransmitter is regarded as the determining factor [69] . Conditions associated with the sympathetic nervous system such as sympathetic hyper activation occur along with symptoms such as palpitation, anxiety, sweating, alteration in blood pressure, and headache [70, 71] . Chronic stress is also directly associated with sustained release of norepinephrine [70] . This situation hampers growth in children, alters the homeostasis of the body, negatively impacts the immunity and damages many other normal functions as well. ADHD is also treated with norepinephrine related drugs where stimulant class of medication is provided to the patient. Molecular imaging based evidences have established an obvious relationship between dopamine, norepinephrine and the pathophysiology of ADHD [71] . At the genetic level, persistent ADHD displays specific biomarkers with relation to the expression and processing of the norepinephrine [72] . Medication directly effecting norepinephrine has been shown to be beneficial for ADHD as compared to other classes of medication [73] . Reports are available in support of the role of Norepinephrine in dementia [74] . Deviation from the normal functioning of this neurotransmitter was also found to be associated with AD [75] .
Numerous drugs, ranging from psychedelics to antidepressants such as mescaline, psilocybin, and various compounds of Dimethyltryptamine; alpha and beta blockers such as phentolamine, atenolol, and metoprolol are extensively used. Studies suggest that there are several side effects associated with such treatments [76, 77] . Questions have been raised pertaining to the application of single versus multiple antipsychotic agents as therapeutics [78] . Therefore, search for safer, effective alternative therapy is the need of the time.
Role of Acetylcholine in psychobehavioural manifestation
Acetylcholine (Ach) is the most abundant neurotransmitter. It was discovered by Hallett Dale in the year 1914. It is a chemical messenger that primarily acts during muscle contraction and therefore exerts profound effects on behavioural manifestation. Ach controls majority of the autonomic nervous system [14, 79] . Ach function is directly associated with memory and cognition. Lack of Ach has been observed in several disease pathologies associated with memory related complications like AD, ADHD, etc. [80] . In the central nervous system, Ach plays excitatory roles, assisting in learning, memory, arousal, and neuroplasticity. The psycho-behavioural anomalies like sleep disorders and rapid eye movement during sleep have been linked with Ach function. Ach dysregulation is responsible for Myasthenia Gravis, chronic fatigue and depression [81, 82] . Auto-antibodies against acetylcholine receptors cause muscle weakness and fatigue in Myasthenia Gravis. This situation results in inhibition of proper acetylcholine signal transmission [83] . Deficiency of Ach is generally expressed through several psycho-behavioural signs like low energy levels, fatigue, memory loss, cognitive decline, learning disabilities, muscle aches, nerve damage, and frequent mood swings [81, 82] .Generally, Ach level decreases with age; as a result, sporadic loss of short-term memory occurs. However, drastic loss of Ach (~90%) is evident in AD, where deteriorating cognition and behavioural function are evident. In general, lack of Ach is responsible for confusion in daily tasks and activities. Thus, Ach replenishment improves the memory function and cognition. Inhibition of Acetyl cholinesterase has become popular for the therapeutics of AD and other Ach deficit disorders [83, 84] .
Neurotropic factors and related psychological abnormalities
Neurotrophic factors (NTFs) have a profound
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influence on the manifestation of psychobehavioural expressions. NTFs support the growth, differentiation, and survival of neurons [85] . They are also having utmost influence in the regulation of synaptic plasticity and in maintenance of long-term memories [86] . NTFs can be subdivided as: (1) neurotrophin family, (2) Ciliary neurotrophic factor (CNTF) family, and (3) Glial cell line-derived neurotrophic factor (GDNF) [87] . The neurotrophin family plays a vital role in the development of the nervous system and the regulation of neuronal plasticity [88] . In mammals, molecules of the neurotrophin family are comprised of: (1) brain-derived neurotrophic factor (BDNF), (2) nerve growth factor (NGF), (3) neurotrophin 3 (NT3), and (4) neurotrophin 4 (NT4). BDNF is the most abundant molecule out of these [89] . A number of psychiatric and neurodegenerative conditions are associated with varied levels of neurotrophic factors and their receptors [90] . For example, phenotypes similar to the neurodegeneration observed in AD are observed in mouse models in which the NGF levels have been halved [91] . In fact, AD associated and aged rat brains exhibit reduced levels of NGF in the basal forebrain cholinergic neurons (BFCNs) [92, 93] . Down's syndrome (DS) is also characterized by similar deficits in NGF signalling in the BFCNs [94] .
NGF, the first identified neurotrophin, was remarkably able to reduce the neurodegeneration of cholinergic neurons in fimbria transection [95, 96] . Additionally, it partially reduced the cholinergic atrophy in aged rodents [97] . Altered levels of BDNF and its receptor, Tropomyosin receptor kinase B (TrkB) in the entorhinal cortex (EC) and the frontal cortex (FC) are related to impairments in memory and cognition associated with AD [95] , Down Syndrome [96] , and aging [97] . PD is associated with reduced BDNF levels at both the transcript and protein levels in the dopaminergic neurons of the substantia nigra [98] . Similarly, in Huntington's disease, hampering the transport of BDNF from the cortical to the striatal neurons results in the loss of striatal neurons and impairments in the voluntary muscle movements [99] . Furthermore, BDNF levels aid in determining the susceptibility towards non-neurodegenerative and psychiatric disorders, such as: bipolar disorder, anxiety, depression, and schizophrenia [100] . Drug abuse also alters BDNF and GDNF activities [101] . The exact role of BDNF and GDNF with respect to drug abuse is still unclear but development of drug-seeking behaviour and addiction has been reported. The relationship between drug abuse and NTFs seems to be bidirectional where drug intake and NTF expression can impact each other [102, 103] . Ciliary neurotrophic factor (CNTF) on the other hand is thought to help in the maintenance of the mature motor system. It is abundantly found in myelinated Schwann cells in the sciatic nerve and striatal neurons [104] . The effect of CNTF on motor neurons has provided a basis for clinical and preclinical studies in neurodegenerative diseases such as Amyotrophic Lateral Sclerosis (ALS) and Huntington's disease. Administration of CNTF in age-related macular degeneration (AMD) patients has resulted in promising results [105, 106] . The association of neurotropic factor levels with neuronal diseases makes them potential biomarkers for neuronal disease diagnosis [107] . Epigenetic modifications of these factors imposes an additional complexity, influencing disease progression and pathogenesis [108, 109] .
Nuclear respiratory factor and related psychological abnormalities
The Nuclear respiratory factor 1 (NRF1) is a transcription factor that regulates the expression of several genes involved in mitochondrial biogenesis and function. Increasing evidences suggest that mitochondrial function is severely hampered in neurodegenerative diseases where NRF1 might play a vital role. [110] . Integrated pathway analysis of an NRF1 ChIP-Seq dataset identified MAPT (tau), PAELR (GPR37), PARK2 (Parkin), PARK6 (Pink1), PARK7 (DJ-1), and PSENEN (Pen2) genes which are related to AD and PD. These could be novel targets of NRF1 [110] . Disruption of NRF1 orthologs in Drosophila and Zebrafish causes severe neurological defects confirming its role in functional maintenance of the nervous system. Age dependent behavioural abnormalities such as: impaired rotarod performance, abnormal leg-clasping reflex, and hyperactivity were observed in NRF1 deficient mice. Moreover, corresponding brain atrophy due to apoptosis in NRF1 deficient mice was observed [110] [111] [112] . Mutation in APOE4 that blocks NRF1 binding to the exon 4 of the gene has been recently linked to AD [113] . The Nuclear factor E2 (NRF2) is a master regulator which aids the expression of cytoprotective genes related to inflammation, mitochondrial biogenesis, antioxidant enzymes, and the proteasome pathway. NRF2 binds to the antioxidant response elements (AREs) in its target genes following nuclear translocation.
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Several evidences suggest an association between NRF2 deregulation and PD pathogenesis [114] .
Endocannabinoids and Anandamide
Endocannabinoid and related psychobehavioural manifestation has long been studied for different therapeutic approaches [114] . Alterations in the level of endocannabinoids induce specific psychotic symptoms in an individual [115] . Moreover, exogenous cannabinoids can exacerbate the pathological psychosis in patients suffering from psychobehavioural anomalies [115, 116] . In case of endocannabinoids, the duration of psychosis is comparatively longer and sometimes found to be beneficial for improvement in the symptomatic anomalies in neurodegenerative disease profiles [117] . Administration of exogenous cannabinoids to influence endocannabinoids is equivocally documented where information related to causalities, dose-responses, direction, and biological plausibility is absent. Among the endocannabinoids, 'Anandamide' is the most notable one. It is a neurotransmitter which exhibits structural similarity to tetrahydrocannabinol [118] . Tetrahydrocannabinol serves as the active principle ingredient of several exogenous cannabinoids. It aids in the regulation of appetite, memory, pain, depression, and fertility [119] . The name 'Anandamide' comes from 'Ananda'-a Sanskrit word symbolising 'bliss'. Functionally, these molecules increase the "bliss" feeling [120] . Intriguingly, several exogenous API molecules have been reported to bind specific receptor counterpart in humans resulting in proper homeostatic outcomes. Further research has identified several such endogenous molecules in humans such as Enkephalins (equivalent to morphine) [121] . Such molecules have high solubility and can cross the bloodbrain-barrier easily resulting in rapid and robust action. Anandamide is abundant in the brain regions associated with memory and cognition [204] along with learning and movement regulation. Anandamide is one of the initial chemical messengers that connect the mother with the foetus [122, 123] . However, overdose of Anandamide causes adverse effects like lack of concentration and memory related complications, equivalent to the effect of exogenous cannabinoid overdose. Experimental outcomes in rodent models have suggested that such an overdose alters the psycho-behavioural phenology of the offspring [123] . However, lack of Anandamide has been linked to the development of chronic depression and anxiety. Synthetic Anandamidelike component AM1172 has showed promising results in overcoming such chronic psychobehavioural anomalies [124] .
Gut-Brain-Microbiome Axis and Psychobehavioural manifestation
The Gut-Brain-Axis (GBA) is a two-way interaction system between the emotional or cognitive centers of the brain with proper intestinal functioning [125] . The gut microbiome plays a crucial role in this interconnected system [124] [125] [126] [127] . The interaction between microbiota and GBA involves exchange of molecular signaling mediators which functionally regulate the neural, endocrine, immune, and humoral systems [126] . GBA maintains gastro-intestinal homeostasis along with improvements in cognitive and motor functions [127] . In brief, neuro-immuno-endocrine mediators serve as the backbone for GBA networks that cover the CNS, automatic nervous system (ANS), enteric nervous system, and the hypothalamic pituitary adrenal axis (HPA) [128] . ANS controls toand-fro signals passing from CNS to the lumen or intestinal wall. HPA axis is the principal outward moving axis that controls adaptive responses like stress. Thereby, HPA is engaged in motor and emotional responses [127] . HPA is triggered via corticotropin releasing factor simulation. ACTH with relation to the increased systematic pro-inflammatory cytokines along with environmental stress subsequently triggers cortisol release by the adrenal glands. A combination of neural, hormonal, and gut microbiota network helps the brain regulate the effector cells [129, 130] . Oral administration of antibiotics in subjects showing symptoms of hepatic encephalopathy exhibited significant improvement in microbiota-brain interaction. Experiments confirmed that probiotic microbiota have a protective role in chronic anxiety and depression. In disease pathology such as, irritable bowel syndrome, abnormal intestinal function destroys the GBA network [124] . GBA operates two major functions, namely, regulation of gut health, and controlling emotional and cognitive centers.
Psycho-behavioural anomalies, neurochemical alterations and diseases
Neurochemical alterations resulting due to endocrine changes or exposure to some drug often tilt the fine balance of nervous system functioning and have been observed even in mood changes, depression and neurological diseases of significance.
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Necessity of behavioural typing for neurological disease diagnosis
Neurological disorders are usually multifaceted in manifestation. Many of them are characterized by the presence of neurodegeneration and memory related problems, cognitive dysfunctions and/or developmental delays or functional impairment [131] . Interestingly, all these factors are used as prognostic features, often in the advanced stages of the disease. Conversely, if we use them to diagnose or at least indicate the possibility of tentative occurrence of such neurological discrepancies, preventive measures can be implemented for better prognosis [132, 133] . Unfortunately, the importance of assessment, analysis and correlation of such behavioural changes is understated. In addition, the general perceptions on common behavioural changes, such as memory loss, anxiety, sleep problems, etc. as natural outcomes of aging is extremely prevalent [134] . Therefore, it is wise to consider the repetitive pattern of such behavioural problems, which may indicate the underlying neurological discrepancies. Thus, early behavioural typing is recommended for the timely diagnosis or monitoring of the disease condition [135] .
Similar behavioural alterations with reference to PD and AD are prominent. AD is a chronic neurological disease that causes a gradual deterioration of the patients' memory skills and the ability to think and reason [136] . These symptoms are often accompanied by many other problems viz. behavioural changes, cognitive impairment, and psychiatric problems. Analyses of these factors and correlating them with neuro-anatomy using MRI or any other method usually forms the basis of AD diagnosis [137] . Apathy, agitation, irritability, anxiety, disinhibition, delusions, hallucinations, dysphoria, and aberrant motor behaviour are associated with AD [138] .
Furthermore, mild behavioural impairment (MBI), an indicator of neuropsychiatric symptoms (NPS) syndrome progression, is also an indicator of future occurrence of dementia. NPS increases simultaneously with late onset of AD progression. Therefore, tracking NPS can help in effective diagnosis and prognosis of AD [139] .
Moreover, AD often co-occurs with other behavioural problems such as Dysexecutive disorders. Godefroy et al., described the relative prevalence of Dysexecutive disorders in early stage AD patients [139] along with identifying specific features of this condition important for diagnosis. Ossenkoppele et al. in 2015 indicated that such behavioural patterns are actually the representatives of "frontal variant of AD" [140, 141] .
Like AD, PD is also a complex neurological condition that often manifests as a myriad behavioural discrepancy. Movement disorder due to motor system dysfunction in PD patients is already established. Such symptoms may be accompanied by tremor, postural instability, rigidity and sometimes bradykinesia. In addition, PD patients are prone to experience depression, anxiety and psychosis.
Occasionally, hallucinations occur in advanced stages of the disease [142] . Recent researches related to behavioural manifestations of PD indicate that stereotyped behaviours also occur as the disease sets in. Similar behavioural changes are also observed in amphetamine and cocaine abusers. Therefore, it is imperative that these factors are collectively and correctly assessed before a final diagnosis is made [143, 144] . A study conducted by Voon et al. indicated that PD patients have relatively high tendency for compulsive shopping and gambling [143] . Such patients also have a prevalence of pathologic hypersexuality as well as repetitive reward seeking behaviour. Furthermore, research suggests that significant percentage of people with Rapid Eye Movement (REM) sleep behaviour disorder (RBD) suffer from Parkinson's disease [145] .
Therefore, AD and PD associated behaviours clearly indicate that long before the identification of typical neurological manifestations of these diseases, patients start manifesting behavioural changes [145] . So, monitoring such typical patterns of behavioural changes can help in early diagnosis of these diseases. The conventional behavioural typing method is a multistep and elaborate procedure requiring multiple visits to the clinic for behavioural pattern and alteration assessment of the patient [140] . Such a process is time consuming and is prone to manual error during documenting and interpreting the behavioural patterns. Owing to the increasing necessity and indispensability of behavioural typing of patients, researchers from the Oregon Centre for Aging and Technology (ORCATECH) have initiated a novel process. The feasibility of a sensor based continuous in-home computerized monitoring system of daily activities of the patient is being attempted. The sensors are designed to detect and record typical features viz. mood swings, loneliness and changes in cognitive functions [146] .
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Psycho-behavioural anomalies as diagnostic marker for neurological diseases
Several behavioral changes mark the onset and progression of neurological diseases. For instance, apathy and yawning are often associated with many neurological diseases.
Alzheimer's disease pathology and related psycho-behavioural anomalies AD is a progressive neurodegenerative disorder characterized by cognitive and functional declination in an age-dependent manner. In the elderly, AD is recognized as the foremost cause of dementia [147] . The most common symptom of early stage AD is the difficulty in remembering recent events and newly learned information. The major pathological features of AD include progressive loss of cholinergic neurons in the basal forebrain, accumulation of extracellular senile plaques containing amyloid-β peptide (Aβ), and accumulation of intracellular neurofibrillary tangles (NFT), containing hyper phosphorylated tau (P-tau) [148] . Both Aβ plaques and tau NFTs are known to alter synaptic plasticity, leading to dysfunction of the neural network, synapse loss, and eventually neuron loss. However, the mechanism underlying the Aβ and tau induced neurodegeneration is still not clear [149] . Neuropathological changes associated with AD are initiated in the hippocampal formations and entorhinal cortex [150] .
However, latest data suggests that Aβ pre-plaque monomers and oligomers, and not the aggregated plaques cause neuronal death. Therefore, large amyloid plaques might inhibit neuronal death by accumulating the deleterious amyloid-β monomers and oligomers [151] . Aβ oligomers induce morphologic and metabolic changes in the pyramidal neurons of the neo-cortex and the hippocampus. Changes in the prefrontal, cingulate cortices, and the hippocampus are observed since the early stages of the disease [17] . In addition to the degeneration of anatomical pathways17, genetic factors, environmental factors, mitochondrial dysfunction, immune dysfunction, vascular factors, infectious agents might also have a role in pathogenesis of AD [148] . However, inspite of our extensive understanding of AD, there is still no cure for this multifactorial disorder. Current diagnostic tools for the early detection of AD are insufficient.
Memory loss is amongst the first symptoms of AD. The first characteristic lesions of AD appear in the poorly myelinated neurons of the limbic system associated with memory and learning. Highly myelinated neurons are affected only in the terminal phases of the disease [150] . The pattern of impaired memory functions correlates with disruptions in structural or functional brain integrity [150] . In healthy individuals, the brain volume shrinks by nearly 0.2% to 0.41% each year, whereas the shrinkage rates in AD are almost ten times of that value. In regions like the hippocampal formation, the rates of atrophy might be even higher [139] . The hippocampus is responsible for memory formation, damage to this area is believed to underlie the memory loss in AD [152] . The hippocampal formation receives cortical as well as sub-cortical inputs. The latter arrives predominantly from the locus coeruleus (LC), the medial septal nucleus, nucleus basalis of Meynert, the raphe complex, and the ventral tegmental area (VTA). Neuropathological observations have demonstrated extensive disruption in the hippocampal formation and the extrinsic (cortical and sub-cortical) connections in the post-mortem AD brains. Thus, suggesting that the progressive brain damage might contribute towards worsening memory and cognition in AD [152] . Latest hypothesis suggests that the earliest pathology associated with AD is due to the accumulation of hyperphosphorylated tau in the neurons of the locus coeruleus (LC) [153] . Extensive degeneration of LC is amongst the earliest pathological impacts in AD and is nearly universal. LC neuropathology is detectable as early as 10 years prior to the appearance of neurocognitive symptoms. LC houses more than half of the noradrenergic neurons, from where they prominently project into the hippocampus, the thalamus, and the entorhinal and frontal cortices [154] .
Thus, the pathology of AD interferes with memory formation from the molecular to the neural network levels. Memory complaints in AD may affect episodic memory, speech production, and/or visual orientation [150] . Reports suggest that both working memories and long-term declarative memories are affected early during the course of the disease. The synaptic loss in the AD cerebral cortex is found to involve 5-HT, ACh, and glutamate-containing synapses. Though the cholinergic abnormalities are a key feature of AD, the precise relationship between prolonged cholinergic dysfunction and risk of dementia is poorly understood. The levels of both nicotinic and the muscarinic acetylcholine receptors are Review Neurochemicals, Behaviours and Psychiatric Perspectives of Neurological Diseases known to be decreased in AD. Decline in the number of acetylcholine receptors happens prior to other pathological changes in AD [155] . Whole-genome RNA sequencing revealed that cholinergic failure leads to the deregulation of key transcripts related to AD such as betasecretase 1 (BACE1). Over expression of BACE1 enhances APP processing and accumulation of Aβ1-42. This process is accompanied by hyperphosphorylation of tau, increased neuronal death, decreased synaptic markers, and impaired cognition. Thus, suggested cholinergic loss facilitating AD-like pathology in mice [156] . The degeneration of cholinergic neurons across the basal forebrain, especially in the nucleus basalis of Meynert (NBM), is responsible for the cholinergic deficiency observed in the brains of AD patients [18] . The early and progressive degeneration of basal forebrain cholinergic neurons (BFCNs), characterized by decreased production of acetylcholine (ACh) substantially contributes to the gradual cognitive decline in AD [157] .
Emerging studies suggest that the detrimental effects of Aβ in AD may be mediated in part by the excessive activation of the perisynaptic or extrasynaptic NMDARs. Soluble Aβ1-42 oligomers are thought to mimic the stimulation of eNMDARs by extracellular glutamate, and disrupt long-term potentiation and synaptic plasticity, eventually leading to synaptic loss [158] . Reports suggest, Aβ induced hyperexcitability is also associated with excessive secretion of glutamate from the neurons and astrocytes, leading to enhanced glutamate levels in the extrasynaptic space [149] . Additionally, individuals with AD were found to have decreased glutamate (Glu) in their hippocampal regions [159] . Aβ plaques and soluble Aβ oligomers cause excitotoxicity through different mechanisms including: (1) stimulation of glutamate release, (2) inhibition of glutamate uptake, and (3) alteration of pathways associated with activation of glutamatergic receptors [149] . Glutamate-induced excitotoxicity in the hippocampus has been correlated with dendritic branching, neuronal injury, and reduced neuronal regeneration. All these molecular events lead to impaired spatial learning [160] . Inhibition of glutamate uptake has been linked to reduced reward sensitivity, a symptom of depression [161] . Additionally, excess extracellular glutamate leads to cellular influx of Ca2+. Recent studies reveal that Ca2+ stimulates the oligomeriztion of Aβ [162] . Therefore, it is plausible that the protracted influx of Ca2+ via the activation of NMDA receptors can promote the generation of toxic Aβ oligomers, working as a sort of positive feedback loop [163] . Dopamine (DA) is known to modulate calcium signalling, especially in response to physiological glutamate concentrations. Dopamine acts as a neuroprotectant in glutamate-induced cell death at pathologic concentrations of glutamate. Dopamine helps in preventing calcium deregulation in hippocampal, cortical, and midbrain neurons [164] . Several disruptions in the dopaminergic (DAergic) system have been reported in AD. Reduced dopamine levels were found in the cingulate gyrus, nucleus amygdalae, nucleus caudatus, putamen, raphae, and substantia nigra in patients [165] . The reduced levels of dopamine receptors, especially the D2 subtype are associated with the pathology of AD [17] . Dopaminergic neurons are predominantly found in different areas of the midbrain. Dopamine from each area projects into various regions of the brain, exerting different functions. One of the primary sources of DA in the hippocampus which was initially thought to be the dopaminergic neurons located in the VTA17. However, reports suggest that dopaminergic neurons originating from the locus coeruleus (LC) are a key source of dopamine in the dorsal hippocampus [166] . Binding of this DA to the dopaminergic receptors, D1/D5 located in the dorsal hippocampus, is the key determinant of hippocampal synaptic plasticity and memory encoding [17] . Dopaminergic neurotransmission in the hippocampus also aids in the successful consolidation of long-term memories [167] . The dopaminergic neurons originated from the VTA are also known to target the cerebral cortex and nucleus accumbens (NAc). Thereby, mediating the regulation of reward processing and incentive motivation [168] . In mice models of AD, expressing the amyloid precursor protein (APP), progressive degeneration of the VTA dopaminergic neurons was observed. Interestingly, neurodegeneration of the VTA dopaminergic neurons occurs at the pre-plaque stage in this model [152] . Additionally, accumulation of Aβ in transgenic AD mice, or administration of Aβ1-42 oligomers in WT mice leads to reduced dopamine release in the cortex. This deregulation of DA resulted in conversion of long-term potentiation (LTP) into long-term depression (LTD) following high frequency stimulation (HFS), leading to impaired recognition of memory [169] .
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Additionally, increased density of dopamine D3 receptors in the nucleus acumbens and increased availability of striatal dopamine (D2/D3) has been positively correlated with AD related psychosis [170] . Surprisingly, the striatum, which is known to control motor activity, has high levels of DA and very little level of norepinephrine (NE). Comparatively, hippocampus shows little or no expression of dopamine transporter (DAT) as compared to the striatum. Therefore, the clearance of dopamine from the hippocampal regions is dependent on the uptake of the extracellular dopamine by the norepinephrine transporter (NET) present on the dopaminergic neurons of the VTA and the LC [171] . Unlike the VTA, which solely contains dopaminergic neurons, the neurons of the LC synthesize dopamine only as an intermediary in the synthesis of norepinephrine. Hypothesis suggests that the dorsal hippocampus, neuronal cells from the LC co-release DA along with NE. Thus, the dopaminergic system is tightly coupled to the noradrenergic system in the hippocampus [166] .
By virtue of its extensive innervation of multiple regions of the forebrain, the noradrenergic system controls many behavioural and physiological processes [172] . Research in animal models indicates that the loss of NE results in: (1) the generation of a neurotoxic proinflammatory condition, (2) reduction of Aβ clearance, and (3) negative impacts on cognition. All these features recapitulate the key aspects of AD. Selective ablation of noradrenergic neurons in the AD mouse models increases the accumulation of Aβ [173] , impairs spatial memory [174] and alters the α1, α2, and β1 adrenergic receptor (Figure 4 ) binding sites [174] . Such models also exhibited increased accumulation of hyperphosphorylated tau in the cerebral cortex [175] . Mice which are unable to synthesize norepinephrine have compromised maze performance and LTP [176] . These evidences suggest the loss of noradrenergic input to the cortex exacerbates, which results into AD-like behavioural and pathological implications [177] . Inspite of the AD associated loss of the noradrenergic neurons, there are conflicting reports regarding the levels of norepinephrine in the brain. High levels of norepinephrine were found to be associated with individuals suffering from advanced stages of AD. Similarly, elevated levels of NE and 3-methoxy-4-hydroxyphenylglycol (MHPG), a metabolite of NE in the blood, plasma, and CSF were found in individuals with advanced AD [178] . Other post-mortem studies have found reduced levels of NE and serotonin in the frontal and temporal cortices of AD subjects. On the contrary, the concentrations of MHPG were found to be elevated in these subjects [179] . Surprisingly, in an ante-mortem study, no change was observed in the NE levels in the frontal cortex, but significant decrease was observed in the temporal cortex [180] . Loss of norepinergic neurons of the LC and subsequent loss of norepinephrine have a pro-inflammatory effect in animal models [181] . Moreover, observation suggests, stimulation of the microglia with norepinephrine leads to enhanced phagocytosis of amyloid-β (Aβ) [181] . Therefore, alterations of the norepinergic system contribute partially to the neuroinflammation associated with AD and the subsequent consequences [181] . The NE receptors and transporters may be associated with AD related behaviour. Role of α1-AR binding sites in the cortex and hippocampus are correlated with aggressive behaviour [182] .
In AD, several brain regions have a decreased concentration of 5-HT along with significant decrease in 5-HT1 and 5-HT2 receptor levels in the cerebral cortex [183] . Interestingly, reduced serotonin levels and increased 5-HT1A receptor density in the neo cortex are associated with cognitive impairment in AD. Whereas, the expression of 5-HT(6) and 5-HT(1B/1D) receptors are found to be reduced in the frontal and temporal cortex of the AD patients with low Mini-Mental State Examination (MMSE) scores [184] . In the hippocampus, a negative correlation exists between the activity of 5-HT1A receptors and verbal memory. Cognitive impairments observed in AD are known to be associated with increased 5-HT1A receptor density. Cirrito et al. [184] demonstrated that activation of serotonergic neurotransmission is beneficial in AD. Moreover, production of toxic Aβ proteins and plaques decreased upon administration of selective serotonin reuptake inhibitors (SSRIs) in AD mouse models. Similar results were obtained upon infusion of serotonin into the hippocampus of AD mice [184] . In humans, lower cortical amyloid levels were observed in participants who had been administered SSRIs in the past five years [186] . These transporters remain at much lower levels in patients having AD. These drugs cannot serve their purpose without their precise target [187] .
It was shown that increased 5-HT1A receptor density is associated with the cognitive impairment observed in AD. Therefore, 5-HT1A receptor provided the basis for using antagonists in AD treatment [188] . Similarly, 5-HT1B/1D was also found to be associated with cognitive dysfunction in AD. A recent study confirmed that 5-HT1B/1D receptor density was significantly reduced in the frontal and temporal cortex of AD patients with impaired Mini-Mental State Examination (MMSE) scores [184] .
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Next to memory impairment, spatial disorientation is one of the earliest manifestations of AD. The severe cognitive impairment associated with AD interferes with abilities essential for smooth navigation. This includes reference frame translation, optic flow perception, scene matching, visual perceptual analyses, spatial planning, and possibly landmark recognition. These difficulties seem to stem from the wide spread damage in areas of the parietal lobes, the temporal cortex, retrosplenial cortex (RSC) and frontal lobes [189] . Various natural and synthetic medications have been used to cope up with such behavioural anomalies [190, 191] . However, conclusive therapeutic intervention is still unachieved.
Parkinson's disease and related psychobehavioural anomalies
Parkinson disease (PD) is the second-most common neurodegenerative disorder, and affects 2-3% of the population ≥ 65 years of age. PD is characterized by loss of neurons in the substantia nigra leading to dopamine deficiency in the striatum and intracellular aggregation of α-synuclein called Lewy bodies (LBs). These physiological alterations are the hallmarks of Parkinson disease. LBs are considered to be the markers for neuronal degeneration, as neuronal loss is associated with sites rich in LBs [192] . Impairments in different cognitive domains such as language, memory, executive functions, and visio-spatial skills have been reported in the Review Amarendranath Choudhury early stages of PD [193] . Though the clinical diagnosis of PD relies on bradykinesia and motor functions, many non-motor symptoms also append the overall disease load [194] . The nonmotor symptoms of PD range from abnormalities in sleep, such as Rapid Eye Movement behaviour disorder (RBD) to apathy, chronic fatigue, and cognitive dysfunction, which may arise from the non-dopaminergic neurodegeneration in PD [195] . The underlying molecular pathogenesis of PD involves multiple pathways including α-synuclein proteostasis, oxidative stress, mitochondrial function, axonal transport calcium homeostasis, and neuroinflammation [194, [196] [197] [198] [199] [200] [201] .
PD is characterized by an imbalance in the neurotransmitters of the extrapyramidal system with a surplus of acetylcholine and glutamate and a deficiency of dopamine and GABA. Other neurotransmitters such as serotonin, neuroactive substances such as adenosine, and neuropeptides such as substance P and dynorphin are also involved in the disease pathophysiology [202] . Both motor and non-motor manifestations of PD exhibit robust diurnal oscillations [203] . Circadian deregulation has been recognized as a crucial cause of sleep disruption in most of the neurodegenerative disorders including PD and AD [204] . Importantly, circadian and sleep misalignment can influence the neurodegeneration itself [205] . A prime example of the bidirectional relationship between sleep/ circadian rhythm and neurodegeneration is AD. In AD, accumulation of Aβ disrupts sleep and enhances the risk of further Aβ accumulation and development of dementia [205] . The role of the circadian rhythm is not well studied in PD. However, diurnal variations in the levels of DA, its receptors, and some of its metabolites have been well-documented for PD [206] .
Oxidative stress has a role in PD associated neurodegeneration, but the exact connection between these pathways and neurons is still unclear. Burbulla et al. [206] have identified that mitochondrial oxidative stress leads to accumulation of oxidized dopamine in the human substantia nigra pars compacta (SNc) dopaminergic neurons in a time-dependent manner. This ultimately leads to lysosomal dysfunction, reduced glucocerebrosidase activity, and α-synuclein accumulation, all of which are key features of PD [206] . The majority of dopaminergic neurons in the brain are located in the midbrain region, which project into the basal ganglia (nigrostriatal system), the cortical regions (mesocortical system), and the limbic regions (mesolimbic system) [207] . The largest group of dopaminergic neurons (A9 group) are located in the substantia nigra (SN), a region responsible for motor control and reward processing [208] . The ventro-lateral A9 neurons that project into the putamen, degenerate prior to the formation of LBs. Progression of PD is associated with increased degeneration of A9 nigrostriatal neurons that results in increased motor deficits. These deficits are ameliorated upon dopamine replacement [209, 210] . Studies in animal models suggest that the loss of norepinephrinergic neurons might exacerbate dopaminergic neuronal damage in PD. Thus, norepinephrine might have neuroprotective effects [211] .
Data suggests that a crosstalk exists between the dopaminergic system and other neurotransmitter systems in various parts of the brain. This affects the pathology of PD. In the striatum, depletion of dopamine leads to excessive release of acetylcholine which trims the neuronal spines of the indirect-pathway projections. Thereby, interrupting the transfer of information from motor command centres located in the cerebral cortex [212] . Serotonergic neurons also impair the release of striatal dopamine in PD. Dopamineserotonin interactions have been implicated in neuropsychiatric disorders and reward-related behaviour as well [213] . Moreover, Dopamine activity within the SNc is in-turn modulated by GABAergic and glutamatergic innervations [214] .
Besides dopamine, the cholinergic system is thought to be significant in developing PDrelated symptoms. Cholinergic denervation was found to be related to the REM behaviour disorder, gait disorders, fall history, and cognitive dysfunction [215] . The muscarinic acetylcholine (ACh) receptor (AChRs) antagonists were used for treating akinetorigid disorders long before the recognition of PD as a disorder [216] . The cholinergic system was found to be related to the development of visual hallucinations in individuals with or without PD. Loss of grey matter in the thalamus and the cholinergic pedunculopontine nucleus region is associated with hallucinations in PD. An extensive decrease in the biochemical acetylcholine transferase in neocortex was found to be associated with hallucinations in PD [217] . The serotonin system might also be responsible for the development of psychosis in some cases of PD [218] .
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Amyotrophic Lateral Sclerosis and related psycho-behavioural anomalies
Amyotrophic lateral sclerosis (ALS) otherwise referred to as motor neurone disease (MND)/ Lou Gehrig's disease involves cognitive and behavioural impairment of the patient. A large proportion of such patients face chronic depression [219] . Experiencing executive function deficits, i.e., inability to maintain verbal fluency, working memory and problem solving skills, behavioural dysfunctions, are the chief indicators of improper functioning of the prefrontal brain circuits and occurrence of ALS. Frontal Systems Behaviour Scale (FrSBe) is one of the commonly adopted rating scales for the assessment of apathy, disinhibition, and executive dysfunction in ALS patients [220] . Most of these symptoms are overlapping and should be analysed carefully. For example, most behavioural changes seen in ALS patients are similar to those of patients diagnosed with behavioural variant fronto-temporal dementia (bvFTD) [221] . Woolley et al. [221] found that unlike non-demented ALS patients, significant lack of insight was observed in patients diagnosed with both ALS and FTD [221] .
Rabkin et al. [222] clearly indicated that the degree of depression and the wish to die are directly dependent upon the presence or absence, and severity of behavioural and cognitive impairment of the patients [222] . Therefore, patients exhibiting early symptoms of ALS must be screened for dementia and depression for designing proper treatment regime.
Bipolar disorder and related psychobehavioural anomalies
Once called 'manic-depressive illness', Bipolar disorder (BD), can be defined in terms of a single lifetime manic or mixed event [223] . BD is the sixth leading cause of disability worldwide. Before treatment, it is ensured that the disorder must have appeared for more than a week. BD symptoms (type I) are generally noted as irritability or euphoria apart from depressive feelings, sleeping problems, grandiose ideas, unusually talkative nature, impulsive behaviour, increased randomness and other related agitated behaviour [223] . However, not all BD cases experience periods of depression. BD is a tandem and severe disorder that causes lack of interest towards life, accompanied by loss of proper body functioning [224, 225] . The genes responsible for BD could be related to schizophrenia. Emotional dysregulation together with unregulated dopamine and serotonin levels characterizes the pathological feature of BD [225, 226] .
Stress due to work, sudden shock, and emotion influences the course of illness significantly. Prescribed social interactions along with conventional medication enhance the longterm outcomes [227] . Interactive contributions of genetic, neurobiological, and psychosocial factors are involved in therapeutic regime of BD [224] . Such approach helps to understand the interactions between genes, neural pathways, and socio-environmental influences for depression or mania [226] . Some BD patients exhibited hypomanic nature along with chronic depression. Symptoms of BD (type II) are associated with functional impairment [225] .
Major depression comprises two or more weeks of intense sadness or loss of interest with symptoms like insomnia, tiredness, psychomotor agitation or retardation, body weight fluctuation, cognitive dysfunction, low self-morale, and suicidal tendency [225] . The occupational and social dysfunction is evident through signs of depressive symptoms, excessive alcohol use, anxiety, abnormal symptoms and degraded socioeconomic status [227] . Functional impairment can be seen between episodes and most frequently in case of subsyndromal depressive symptoms [228, 223] . Clinical studies on BD subjects revealed that only 48% chances of complete recovery with 24% chances of functional restoration are possible [228, 230] . Studies also indicated that the after effects of manic episodes can be witnessed even at workplace, home and surroundings even after five years [222] . Elevated creativity and productivity was also observed in several BD patients. There are many similarities between BD patients and exceedingly creative people [226] . Norepinephrine, dopamine, and serotonin explain mood related illness in BD [227, 228] . Low levels of dopamine and norepinephrine specify depression while higher levels indicate mania. On the other hand, low levels of serotonin lead to unregulated dopamine and norepinephrine levels [229] . Nonetheless, recent studies suggested that effects of amphetamine are instigated in BD patients even in the absence of increased dopamine binding. This rejects the former notion about mood disorders that refers binding levels of neurotransmitters at the synaptic cleft [228, 230] . Apparently, sleep deprivation affects sensitivity of dopamine receptors. Almost 10% of mania affected people Review Amarendranath Choudhury are found to develop symptoms immediately after a sleepless night. BD cases are also characterized by decreased serotonin sensitivity. Being the precursor molecule, manipulation in tryptophan levels affects serotonin systems critically [231] .
Schizophrenia and related psychobehavioural anomalies
Schizophrenia is a poorly understood, debilitating psychiatric disorder. This condition is known to have variable phenotypic symptoms and extremely complex etiology involving interplay of genetic and environmental factors [232] . Schizophrenia usually involves the presentation of typical symptoms of "positive (e.g., hallucinations and delusion), negative (e.g., social withdrawal and flat affect), and cognitive impairment" [233] . Schizophrenic patients have extremely high suicidal tendencies and violent behaviour [234] . Common yet atypical behavioural patterns of schizophrenia include laughing without reason, depression and anxiety and irrational anger and abnormal sleep patterns.
Frequent clinic visits for diagnostic issues usually makes it difficult for the patient to remain employed or having normal relationships with family and spouse. However, this usually occurs in advanced stages of the disease by which time the clinical and economic burden of the disease has already been amplified [234] . Therefore, identification and implication of psychobehavioural anomalies associated with the disease can help in diagnosing the disease, preferably in its early stages.
Often, schizophrenic patients start showing behavioural changes like difficulty in self-care and proper dressing in their adolescence [235] . Another distinctive behavioural symptom observed in early stages of schizophrenia is the "flat effect", where the patient lacks normal human emotions [236] . Clinically, schizophrenic patients have altered facial activity, thus projecting unresponsiveness or flatness towards human emotions [237, 238] . The "cognitive symptoms" of the disease include experiencing difficulty in remembering information [239, 240] . Physically, people with schizophrenia experience catatonia (motor immobility), expressing state of stupor [241] . Changes in the verbal patterns of schizophrenic individuals usually involve halting mid-sentence and then resuming speaking on an entirely different topic. Sometimes, they may also say incredibly long but meaningless sentences, often referred to as "word salad." Such "word salads" often contain rhyming words, in a pattern referred to as "clang association" [241] .
Impulse control disorders (ICDs) and related psycho-behavioural anomalies
Impulse control disorders (ICDs) refer to common psychiatric conditions which typically result in impaired occupational and social functioning. According to the DSM-IV [242] , these primarily include: kleptomania, pyromania, trichotillomania (TTM), pathological gambling (PG), and intermittent explosive disorder. The DSM-IV-TR (DSM-IV-Text Revision) recognizes auxiliary disorders categorized as ICDs not otherwise specified (NOS) such as: compulsive shopping (CS), compulsive eating (CE), hypersexuality (HS), and pathological skin picking (PSP). ICDs are primarily characterized by repetitive behaviour and inhibition of these impulsive behaviours [243] . Key defining criteria for ICDs are the failure to resist the impulse to engage in the act, an impending sense of anticipation prior to an act, and a sense of pleasure, gratification, or relaxation while doing the act [244] .
Pathological gambling (PG) is characterized by recurrent and persistent gambling behaviour. This condition has also been referred to as chronic, relapsing condition. PG is estimated to affect an estimated 0.9% to 1.6% of the United States population [245] . Men tend to suffer more from PG and begin gambling at an earlier age as compared to women. On the contrary, women are known to progress towards problematic gambling more rapidly than men. Various neurotransmitters have been hypothesized to be associated with different aspects of PG such as high levels of noradrenaline and low levels of serotonin signalling [246] .
Kleptomania refers to the uncontrollable impulse to steal. It is characterized by an anxious urge to perform an act which provides pleasure in the moment but in the long-run, causes significant distress and dysfunction. It is estimated that 6 out of every 1000 people in the US suffer from this condition [247] . The etiology underlying this condition is yet unclear. However, serotonergic dysfunction has been hypothesized to be responsible for the poor decision-making in these individuals. It has been reported that any damage to the orbitofrontal-subcortical circuits in the brain might result in kleptomania. Kleptomaniacs have decreased white matter microstructural integrity in the ventro-medial frontal regions of their brains [248] .
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Pyromania refers to an impulsive, deliberate, and repetitive act of fire setting without the expectation of an external reward. More than 90% of the individuals with pyromania have been diagnosed with comorbid Axis I disorders. It was revealed that a left inferior frontal perfusion deficit might be associated with pyromania [249] .
Trichotillomania (TTM) is a chronic ICD characterized by repetitive hair pulling, causing significant distress and/or functional impairment. Deregulation of serotonin, dopamine, and GABA levels is associated with TTM. The frontal-basal ganglia circuitry is thought to be of particular importance in TTM. Some reports suggest that TTM is associated with elevated grey matter densities in the left amygdalo-hippocampal formation, left striatum, and multiple cortical regions [250] .
Intermittent Explosive Disorder (IED) is characterized by recurrent impulsive aggressive behaviour which is disproportionate to any resulting psychosocial stress. Traditionally, the neurobiological underpinnings of aggression are associated with deficiencies in the serotonergic system. For instance, reduced availability of the 5-HT transporter in the anterior cingulate cortex is known to be associated with IED. Researchers observed a stronger response to angry faces in the amygdala of IED patients as compared to controls. IED patients have lower amygdalaorbitofrontal cortex connectivity as compared to controls [251] .
Compulsive shopping (CS) disorder is a condition that is ubiquitous around the world. The disorder has prevalence of 5.8% in the US [252] . Though, most of the subjects studied are women (~80%), this gender difference may be arbitrary. Subjects with CS manifest a preoccupation with shopping, pre-purchase anxiety, and a feeling of relief following the purchase. The brains of the CS individuals show increased activity in the nucleus accumbens (NAc) and the anterior cingulate cortex (ACC) during the initial presentation phase and the decision making phase of the shopping exercise, respectively [253] .
Compulsive eating (CE) disorders refer to disruptions in the eating behaviour. According to DSM-IV, binge eating in the absence of compensatory behaviour, is provided a clinical diagnosis of eating disorder not otherwise specified (EDNOS). Individuals with CE disorder exhibit decreased reward sensitivities, greater cognitive attention bias towards food, and altered activity in regions of the brain associated with impulsivity and compulsivity. In humans, reduction in 5-HT activity is known to support compulsive eating. Neuroimaging represents alterations in the cortico-striatal circuitry in CE similar to those observed in substance abuse [254, 255] .
Hypersexual Disorder or Compulsive sexual behaviour (CSB) has been proposed as a new psychiatric disorder under the Sexual Disorders section in DSM-V. Repeated engagement in sexual activities inspite of the negative consequences is the major hallmark of CSB [256] [257] [258] [259] [260] [261] [262] [263] [264] [265] [266] [267] [268] [269] [270] [271] . Hypersexuality can manifest itself in a variety of ways with differing degrees of severity and further divided into paraphilic and nonparaphilic types. Paraphilic sexual behaviours refer to behaviours outside the bounds of the conventional range of sexual behaviours. Nonparaphilic behaviours refer to engagement in common sexual practices. Clinical signs of CSB might include anxiety, depression, alcohol or drug use/dependency, somatic complaints, relationship problems [256, 257] .
PSP or Excoriation is a disabling condition characterized by compulsive picking of the skin resulting in noticeable tissue damage. The face is the most commonly picked area, but any part of the body can be affected. Experiments in animal models indicate that glutamate based neurotransmission might have an important role in the pathology of PSPD [258] .
Nowadays, ICDs are increasingly emerging in many PD patients as side-effects of dopaminergic therapies, thus, becoming key concerns in the treatment of PD [259] . The ICARUS (Impulse Control disorders and the association of neuRopsychiatric symptoms, cognition and qUality of life in ParkinSon disease) study reported that the prevalence of the primary ICDs in PD is having broad range, from 3.5% to 42.8% in different cases. This difference might be due to the under diagnosis of ICDs in clinical practises. Repetitive behaviour such as: walkabouts, hoarding, kleptomania, impulsive smoking, reckless generosity and reckless driving are other recognized ICDs in PD patients. ICDs have also been reported in other movement disorders such as restless legs syndrome (RLS), progressive supranuclear palsy (PSP), and multiple system atrophy, which require treatment with dopaminergic medication [259] .
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Obsessive-compulsive disorder and related psycho-behavioural anomalies
Obsessive-compulsive disorder (OCD) is a heterogeneous condition that makes the patient feeble [260] . The disease is characterized by sudden mixed feelings and repetitive behaviour. Presently, structural and functional neuroimaging based analyses are being considered for OCD [260] . It is believed that neurochemical functioning mediates OCD symptoms. However, recent psychopharmacologic studies have revealed the critical role of serotonin (5-HT) neurotransmitter system in OCD symptoms [261] . Selective serotonin reuptake inhibitors (SSRIs) were found to be more beneficial in the long-term as compared to noradrenergic reuptake inhibitors in OCD treatment. Successful treatment of OCD using antipsychotic and psychostimulants was reported. OCD is experimentally found to cooccur with ADHD. Psychostimulants are being used for treating both the conditions. Another interesting compulsive habit or disorder is Onychophagia (OP) which leads to destruction of nails. Nail biting has received little attention in the psychiatric and dermatological literature in the past. Nonetheless, OP has received much attention in recent days on account of co-occurring psychopathological symptoms that show relevance and close relationship with OCD and mood disorders. Frequency and severity of OP specifies the degree of OCD pathology. Neurotransmitter based studies have revealed imbalance in serotonin, dopamine and norepinephrine levels in OCD [262] . Increased dopamine levels induce compulsion and obsession, leading to anxiety in the subject. Similarly, glutamate is another important neurotransmitter in relation to OCDs. Antiglutamatergic drugs like lamotrigine, topiramate, and gabapentin have shown profound therapeutic effect in OCDs [263] . Further research on these therapeutic paradigms is essential for better OCD treatment. Owing to its heterogeneous function and receptor activity in Cortico-Striato-Thalamo-Cortical (CSTC) circuit, dopamine serves as the principal neurotransmitter involved in the pathophysiology of OCD [264] . Clinical translational studies have confirmed the continuous participation of the dopaminergic system causing obsession and perseverations. Stimulants like amphetamines which function as dopamine antagonist indeed show pro-OCD behaviour resulting in the development of persistent behaviour, sudden muscle movements, and perseverations in case of brain injury [260] .
Recent trends and possible therapeutics for symptomatic rectification
The spectrum of neurological disorders is so vast and overlapping that they implicit the occurrence of multiple diseases viz. AD, PD, Frontotemporal Dementia (FTD), Pick's disease, spinocerebellar ataxias, progressive supranuclear palsy, brain trauma, Huntington's disease, ALS, etc. These diseases are known to have extremely high morbidity rates, reinforcing the importance of their timely diagnosis and treatment. Unfortunately, none of these diseases are known to be completely curable [265] . Hence, the only strategy is symptomatic treatment. The management of symptoms largely depends upon the mode of neurodegeneration as well as other associated physiological changes [265, 266] .
As a thumb rule, progressive neuronal cell death is the chief contributing factor to the inception and progression of most neurodegenerative diseases [267] . Symptomatic manifestation of the disease is largely dependent upon the specific cell death pathways associated with the condition. Elucidating these pathways may pave the way for disease specific symptomatic treatment [268] . Some of the most conventionally applied treatment methods and strategies for the treatment of neurological diseases are discussed earlier [269] .
Dopaminergic treatments
Neurons located in the substantia nigra are responsible for an extensive network of axonal processes. These neurons communicate with the basal ganglia via the transmission of the neurotransmitter dopamine (DA). The associated neuronal pathways are responsible for regulating the body movements [270] . Neurodegenerative diseases, such as PD involve the degeneration of these dopamine producing neurons of substantia nigra. As a result, the concentration of dopamine decreases substantially and thus obstructing all downstream neurological pathways.
Such a condition leads to dysfunctional motor coordination, the characteristic feature of PD. Thus, administration of dopamine precursors (Levodopa) can help in replenishing dopamine, and improving the functioning of the dopamine signalling pathways and their associated motor functions [270] .
Currently, the therapeutic approach for the treatment of PD involves administration of
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Levodopa, along with a peripheral decarboxylase inhibitor. Levodopa is known to be converted into dopamine in dopaminergic neurons, thus, replenishing the deficiency of this essential endogenous neurotransmitter [271] . Though it is well tolerated and cost effective, long term administration may cause fluctuating motor responses and dyskinesia in the patient. Success of this treatment promoted the development of dopamine agonist based drugs that can directly stimulate the dopamine receptors. These agonists mimic the dopamine function in activating dopamine receptors and the subsequent cascade of neurotransmitter pathways. Ergoline and non-ergoline are two distinct classes of dopamine agonists that target the dopamine D2-type receptors. Most commonly administered Ergoline dopamine agonists are bromocriptine, pergolide, lisuride, and cabergoline. Most common non-ergoline agonists include ropinirole and pramipexole [272] .
Antipsychotic drugs
The signalling pathways related to dopamine essentially depend on the crucial step of dopamine binding to its receptor. However, the functional excess of DA or oversensitivity of DA receptors may lead to the dysfunction of dopamine based neurosignaling pathways. In fact, these factors form the basis of psychosis in many clinical cases. Similarly, delusions and hallucinations due to dopamine imbalance may eventually lead to schizophrenia. Such patients are prescribed antipsychotic drugs that can block and/or reduce oversensitivity of the DA receptors. Chlorpromazine was the first antipsychotic drug discovered way back in the early 1950s [273] . Haloperidol is an anti-psychotic that is predominantly used for the treatment of AD [274] . These drugs are typical of first generation anti-psychotic drugs. Their relatively recent counterparts, often referred to as second generation or atypical antipsychotic drugs (AAPDs) have similar therapeutic efficacy but with significantly reduced adverse effects. Some of the most commonly administered AAPDs are clozapine, risperidone, and aripiprazole [275] . They are also considered to be the most preferable mode of treatment/management of dementia associated cognitive impairment as well as non-cognitive behavioural and psychiatric changes [276] . Administration of anti-psychotics is often accompanied with many side effects that may have fatal consequences. Development of Parkinsonian symptoms, increased feeling of sedation, dizziness, unsteadiness as well as chest infections, are some of the most common side effects of ant-psychotics. Clinical trials have confirmed that administration of these drugs in elderly AD patients increases the risk of mortality [277] . A similar trend has been observed in PD patients as well. Administration of these drugs even worsened the motor symptoms of the patients in some cases [278] . Therefore, anti-psychotic drug based treatments must be carefully monitored with the help of periodic haematological parameter evaluation.
Cholinesterase inhibitors
Multiple in vitro and in vivo studies demonstrated the presence of a close association between cholinergic activation and metabolic implications of APP. It is evident that presence of cholinergic lesions influences the ratio between cortical amyloid precursor protein (APP) and cerebrospinal fluid (CSF) levels. It reduces cholinergic neurotransmission and promotes amyloidogenic metabolism in the brain. This symptomatic manifestation of such changes is usually represented as cognitive dysfunction associated with AD, HD, and many other cognitive disorders [279] . It is verified that application of cholinesterase inhibitors (ChEI) can help in averting such neuro-pathological changes, stabilizing cognitive dysfunction, and symptomatic management of dementia in the early stages of AD. Donepezil hydrochloride, galantamine hydrobromide, and rivastigmine tartrate are some of the conventionally administered ChEIs that are currently being used as part of the primary treatment for cognitive improvement in AD patients [280] . Recent clinical trials where AD patients were administered ChEIs also demonstrated their benefit for neuropsychiatric and behavioural symptoms [281] . Similar patterns are observed in the management of dementia with Lewy bodies as well as cognitive impairment associated with PD [282] .
It has also been suggested that ChEIs can be administered with antipsychotic drugs as a method of treatment of cognitive dysfunctions in Schizophrenia patients [283] . It has been proposed that ChEIs may also have beneficial effects on Huntington's disease (HD). However, such treatment regimens are yet to be standardized for specific clinical settings [284] . 
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Analgesic and Anti-inflammatory drugs
Recent neuroimaging studies have revealed that brain function is effectively correlated with the occurrence of chronic pain, which leads to alterations in the emotional, cognitive, and modulatory processes. Peripheral nerve damage is one of the most common causes of chronic pain (neuropathic pain). Observation suggests, occurrence of chronic neurodegenerative diseases also form crucial part of the complex etiological basis of such pain symptoms. Around 40-60% of PD patients are known to suffer from chronic pain [285] . Similar results were observed in
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Neurochemicals, Behaviours and Psychiatric Perspectives of Neurological Diseases studies conducted on AD patients. It was further postulated that the neurodegeneration associated with such diseases may affect brain areas responsible for pain perception. Hence, the choice of treatment in such patients is quite complex. Most often, such patients are prescribed analgesics for pain management [286] . Non-steroidal anti-inflammatory drugs (NSAIDs) and acetaminophen are the most commonly administered analgesics that may be administered either alone or in combination with opioids viz. codeine [287] .
It has been proposed that the process of amyloid β peptide induced neuro-degeneration in AD involves inflammatory responses. Therefore, suppression of such inflammatory responses can help in mitigating the disease progression [288] . However, clinical trials estimating the efficacy of glucocorticoid therapy, hydroxychloroquine, and non-steroidal anti-inflammatory drugs (NSAIDs), especially in the treatment of AD indicated mixed results [111] . Such responses may be attributed to non-selective inhibition of cyclooxygenase (COX) as well as insufficient penetration of the drug through the blood-brain barrier (BBB). Current studies are focused on sorting out such issues. It has been proposed that development of combination therapies based on antioxidants or glutamate antagonists may serve the purpose [289, 290] . Some of the most commonly used drugs that are used for the symptomatic management of neurological diseases by manipulating the neurotransmitter levels are listed in Table 3 .
Available reports are in-line with the statement that, psycho-behavioural anomalies are the determining criteria for the diagnosis of neurological diseases. Behavioural anomalies indicate the specific neurochemical dysregulation in brain and also help postulate the measures for symptomatic rectification through proper medications.
Conclusion
The present review highlighted the interlinking relationship between neurochemical dysfunctioninduced psycho-behavioural anomalies in various neurological complications. We have emphasized the role of psycho-behavioural study as an essential tool for better understanding of neurological disorders. Available literature has shown that neurodegenerative diseases are unidirectional, and cardinal motoric symptoms arise when majority of the neurons have died. Psycho-behavioural anomalies have been shown to occur in parallel to the degree of neurodegeneration and expressions of such psycho-behavioural anomalies are observed in the early stages of the disease. Therefore, there are possibilities of identifying a set of psychobehavioural anomalies at the very onset of the disease. Such treatment paradigm could change or limit the disease progression. It is noteworthy that the pattern of neurodegeneration varies from patient to patient. Specific neurochemical abnormalities influence the drastic changes in behaviour pattern in neurological patients. Hence, by tracing the behavioural roots, researchers could find the key cause underlying such anomalies. Most of the times, in the absence of motor dysfunction, patients and physicians ignore the minor psychological anomalies. Hence, awareness and careful diagnosis of psycho-behavioural anomalies for a particular disease is the urgent need of time. Future research could consider specific set of psychological anomalies as the hallmark of early diagnostic parameters for neurological diseases. 
